Phi value analysis of an allosteric transition of GroEL based on a single-pathway model.
There are currently two contradictory models for the kinetics of the ATP-induced GroEL allosteric transition occurring around 20 microM ATP. One model, proposed by Horovitz et al. demonstrates the existence of two parallel pathways for the allosteric transition and an abrupt ATP-dependent switch from one pathway to the other. The other model, which was proposed by the present authors, shows no need to assume the parallel pathways, and a combination of the transition-state theory and the Monod-Wyman-Changeux model of allostery can explain the kinetics as well as the equilibrium of the transition. The discrepancy appears to be due to whether we regard the transition as reversible or irreversible. Thus, here we have investigated the reversibility of the allosteric transition between 0 microM and 70 microM ATP by the use of a stopped-flow double-jump technique, which has allowed us to monitor the kinetics of the reverse reaction from the relaxed state at a high ATP concentration to the tense state at a low ATP concentration. The tryptophan fluorescence of a tryptophan-inserted variant of GroEL was used to follow the kinetics. As a result, the allosteric transition was shown to be a reversible process, supporting the validity of our model. We also show that the structural environment around the ATP-binding site of GroEL in the transition state is very similar to that in the relaxed state (Phi=0.9) by using a Phi value analysis in the kinetic Monod-Wyman-Changeux model, which is analogous to the mutational Phi value analysis in protein folding.